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@) COIVlPOSmON COIVIPRENANT DES MICROPARTICULES POREUSES ET UN AGENT DE SUSPENSION ET 
SON UTILISATION EN TANT QU'IMPLANT. 



@) L'invenllon conceme une composition comprenant: 

' des microparticules poreuses dont ie diam^tre des po- 
res exclut la penetration d'^l^ments figure ayant un polds 
moldculaire sup^rleurd 1000 kilodaltons, et 
- un agent de suspension btocompattbie, 
ainsi que son utilisation pour la fabrication d'un implant 
h6t6rotogue histocompatlble. 
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La pr6sente invention conceme des compositions comprenant des 
microparticules poreuses et/ou un agent de suspension, tous deux biocompatibles tant 
au niveau cellulaire que tissulaire ou g^n^ral, utilisables pour une implantation dans 
un tissu pour, en particulicr, augmenter le volume de ce tissu («soft tissue 
5 augmentation »), en vue notamment de corriger de mani&re durable un deficit 
d' aspect ou de fonctionnalit6 de ce tissu ou organe. 

L'invention s'adresse tout particuli^rement ^ la chirurgie plastique et 
esth^tique, h la chirurgie reconstructrice, h la chirurgie urologique, etc... 

L'utilisation d'implants pour la correction ou ['attenuation de lesions 

10 d'origine organique ou traumatique a connu une acceleration rapide et continue 
depuis le ddbut des annees 80. Les mat^riaux de reference restent le collag^ne et les 
d6riv6s de silicone. D'autres polym^res naturels, tels que par exemple Tacide 
hyaluronique, ou synthdtiques preiment une importance croissante. 

L'utilisation de ddrives d'origine animale rencontre de plus en plus de 

15 resistance, d'abord d'ordre psychologique, ensuite parce que la persistance de leur 
effet est limitee dans le temps. 

De plus, il est connu que les composes d'origine animale, tels que le 
coUagene bovin, sont a Torigine de reactions allergiques dans environ 3 % des cas. 
La frequence et la gravite de ces reactions se Irouvent aggravees par la necessite de 

20 proceder h des injections repetees necessaires au maintien d'un resultat satisfaisant. 
Les derives de silicone et d'huile de silicone, bien qu'interdits dans certains pays, 
restent parmi les plus utilises pour obtenir un effet durable. Leur utilisation est 
cependant souvent associee ^ des problemes locaux (siliconomes) ou de migration ^ 
des distances parfbis considerables du site de leur implantation. 

25 Une autre technique connue de comblement consiste a injecter des 

microspheres de materiaux divers (plastique, verre, ceramique, ...) dans les tissus. 
Ces particules sont en general d'une faille superieure i la limite d'absorption 
(phagocytose) par les monocytes, qui vont constituer une pellicule fibreuse ^ leur 
surface afin de les isoler des tissus environnants. De telles particules sont decrites par 

30 exemple dans le brevet US 5,344,452. 

Le resultat de ces injections est generalement durable, mais il est connu que 
les particules peuvent migrer h distance de leur site d'implantation avec, comme 
complication, un risque d'obstruction des structures microvasculaires, pouvant 
enlrainer une ischeraie ou embolie. 

3S On a maintenant trouve qu'en utilisant des microparticules ayant une 

porosite controlee et/ou un agent de suspension, par exemple, sous forme de gel, on 
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pouvait obtenir une p^n6tration par des fibrillcs prot6iques et/ou glycaniqucs dcs 
tissus implant^ permettant un ancrage matriciel micro-fibrillaire limilant 
signiflcativement les risques de migration I distance du site d'implantation. 

L'invention a done pour objet une composition comprenant : 
5 - des microparticules poreuses dont le diamitre des pores exclut la penetration 

d*61ements figures ayant un poids moliculaire supdrieur ^ 1000 kilodaltons, et 

- un agent de suspension biocompatible. 

La composante solide de la composition selon Tinvention est constitute de 
microparticules poreuses biocompatibles. 
10 Les microparticules utilistes dans la composition selon Tinvention auront de 

preference une forme sphdrique ou ovoide, d'un diametre suptrieur ^ environ 10/oti, 
en particulier compris entre 30 et 100 /an, de pitffirence entre 30 el 60 /on, 

Lorsque les microparticules ne sont pas spheriques, on entend par 
« diametre » le plus grand diametre de la surface ayant la plus petite section 
1 5 transversale, 

Les particules de taille inftrieure a 10 fjcrn seraient facilement entratntes, 
activement ou passivement, a distance de leur site d'implantation. 

Inversement, Tutilisation de particules d'une taille suptrieure ^ environ 
100 ^Jtm risquerait de donner aux tissus une rugositt perceptible visuellement ou au 

20 toucher dans le cas d'une implantation superficielle. De plus, le produit serait plus 
difficilement inject^ au Iravers d'une aiguille de petit diametre, 30G par exemple, 
n6cessaire ^ une procedure atraumatique. 

Une caract€ristique avantageuse des microparticules utilisables selon 
l'invention est qu'elles prdsentent une structure imparfaitement rigide, permettant 

25 une 16g6re deformation en cas de compression. Par « structure imparfaitement 
rigide », on entend une structure telle que sous I'effet d*une compression axiale 
d'une valeur maximale compatible avec la resistance du tissu vivant environnant 
(inferieure ou dgale i environ 3 kg/cm^), les particules ne se briseront pas et leur taux 
de deformation selon cet axe sera compris entre 0 % et 40 %. Cette deformation 

30 limitera la tendance au dtplacement des particules, phdnom^ne connu dans le cas de 
particules rigides sous T appellation « effet graine de melon » (« melon pip effect »), 
qui est d'autant plus accentu6 que la surface des microparticules est lisse et lubrifiee. 

Les microparticules utilisables selon P invention, qui peuvent constituer 
Tessentiel de la composition, prtsentent une structure poreuse. Le diamStre des pores 

35 est determine de fagon ^ exclure la penetration des particules par dcs elements figures 
de taille superieure ^ 1 000 kilodaltons. On recherchera une porosite telle qu'elle 
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favorisera la p6n6tration de macromolicuies de structure naturcllcment pr&entcs 
dans les tissus environnant I'implant. Ces macromoWcuIes, en particulier d*6lastine, 
de coUag^ne ou de glycosaminoglycanes (GAGs), de nature microfibrillaire, forment 
un rcseau intriqu6 qui relie les microparticules qu'elles p6nitrent. 
5 En particulier, les microparticules ont des pores donl le diamfetre exclut la 

p6n6tration d'616ments figurds ayant un poids moldculaire compris entre 0,5 kilodalton 
et 5 000 kilodaltons, de preference entre 1 kilodalton et 1 000 kilodaltons. 

Lc syst&me d'ancrage ainsi obtenu forme une structure souple et diastique 
dont la coherence s^accentue dans le temps au fur el a mesure qu'un nombre croissant 
10 de liens microfibrillalres en assure la reticulation. La solidite et la consistance des 
. structures ainsi obtenues ressemblent k celles de la matrice extracellulaire, assurant 
un confort et un aspect optimal. 

Cette consistance souple et deformable des Elements comme de I'ensemble, 
assure un risque minimum dc traumatismc, gdndrateur de lesions et d'infection, des 
15 tissus. 

Dc preference, les microparticules sont prfisentes dans la composition a 
raison d'environ 0,1 % i 75 % en poids, de preference de 10 % 4 40 %, les 
pourcentages etant exprimes par rapport au poids total de la composition. 

Le materiau constituant les microparticules sera cyto- et hystocompalible, et 

20 plus generalement biocompatible au sens de la Norme ISO EN 10993. II sera de 
preference un polymfcre, dont les raonomferes de depart ne presentent pas de caractftre 
de toxicite incompatible avec Tutillsation envisagee. 

On utilisera par exemple un polym^re choisi parmi les polyamides, les 
polyesters ; le polypropylene ; le polyethylSne, de preference « haute densite » ; les 

25 derives du polyethylene tels que le polytetrafluoroeihylinc, le polyethylene 
terephtalate ; les polyacrylates ; les polyacrylamides ; les methacrylamides ; les 
polysulfones ; Ics polyvinyles, notammcnt la polyvinylpyrolidone (PVP), le 
divinylbenzfene ; les polysaccharides eventuellement reticules ; les polylactides el 
polyglycolides ; les polystyr&nes ; les meUiylstyrfenes ; le dextran ou Tagarose 

30 reticule. 

Selon rinvention, on utilisera de preference un polymfcre vinyliquc 
hydrophile et riche en radicaux hydroxyle (OH), dont la composition atomique est 
exclusivement constitufie de carbone, d'oxygfene et d'hydrogfene, et dont la 
polymerisation est totale. Un tel polymere est d'utilisation courante dans la 
35 fabrication d'implants et comme constituant de dispositifs medicaux implantables. 
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II est 6galcmcnt d'utilisation courante au contact de substances chimiques 
ou biotechnologiques ^ vis6e th^rapeutique. 

Un autre avantage de ce polym&rc est la disponibilit6 commercialc de 
miaoparticules pr^sentant les caract^ristiques techniques et les garanties d'innocuit^ 
5 compatibles avec i'utilisation pr6vue de Tobjet de rinvention. 

Les microparticules sont pr^par^es par des proc^d^s usuels ddaits dans la 
litt^rature, notamment par polym6risation en bloc ou en 6mulsion. 

Dans le cas de la polymerisation en bloc, la solution aqueuse contenant les 
divers monomdres et Tinitiateur est soumise I une polymerisation en phase 
10 homoggne. Le bloc de gel aqueux obtenu est ensuite fractionn^ en grains, par 
exemple par passage i travers les mailles d'un tamis. 

La polymerisation en Emulsion peut foumir directement le gel aqueux sous 
forme de microparticules de taille determinee. Elle peut etre effectu^e par exeraple en 
versant la solution aqueuse contenant les divers monom&res dans une phase liquide 
IS organique, non miscible k Teau, maintenue en agitation et contenant 6ventueHement 
un agent 6mulsifiant, puis en introduisant un initiateur de polymerisation. 

Oe tels procedes, qui sont bien connus de Thomme du metier, sont 
notamment decrits dans la demande EP 040 124. 

Une autre technique usuelle dans le domaine est le sechage a contre-courant 
20 d'air chaud et sec (« spray drying ») d'un nebulisat de polymere. 

Un element important du bon fonctionnement de T invention est la nature et 
les caracteristiques de I'agent de suspension dans lequel les microparticules peuvent 
etre en suspension ou qui peut constituer I'essentiel, voire la totalite, de la 
composition. Cet agent de suspension peut etre un liquide ou un gel. 
25 Cet agent devra permettre de maintenir les particules en suspension dans les 

conditions normales de conservation et d'utiiisation de I'ensemble. A une 
temperature et ^ un pH voisins des conditions de la physiologie, c'est-^-dire un pH 
compris entre environ 6 et 8 et i une temperature comprise entre 4 25*'C et + 40**C, 
dans des conditions d'isotonicite, ledit agent aura de preference une densite comprise 
30 entre environ 0,85 et 1,35 et une viscosite apparente caract€risee par pto inferieur ou 
egal ^ 300 Pa.s et /^oo . superieur ou egal h 10 Pa.s (mesurde selon le modele 
rheologique de Herschel-Buckley), 

La consistance de Tagent de suspension sera adaptee au mode 
d'implantation choisi, par exemple permettant une injection intradermique ou sous 
35 cutanee, 
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La consistance du gel devra etre aussi proche que possible de celle du tissu 
vivant dans lequel il est prdvu qu'il soil implant^. Cetle consistance variera par 
exemple entre celle d'un tissu conjonctif pour le moins ferme et celle du 
cartilage pour le plus ferme. Un faqonnage pr6alable i une implantation chirurgicale 
5 plus invasive pourra etre r6alis6 par moulage seul ou complete (tranche, poli, rSpfi, 
sci6, ...) par utilisation des instruments chirurgicaux habituels. 

En principe, tout type de liquide ou de gel biocompatible, peu ou pas 
resorbable, compatible avec la nature des microparticules peut convenir. Dans le cas 
d'un gel, celui-ci peut ^ventuellement etre partiellement ou totalement reticull. 
10 Dans ce cas, la porosite dudit agent de suspension, 6valu6e par I'espace 

moyen entre les noeuds de rdticulation sera telle qu'elle exclut la penetration 
d'elements figur6s ayant un poids moleculaire sup6rieur a 1 000 kilodaltons. 

Une caract6ristique particuli^rement avantageuse de la pr6sente invention 
consiste dans Tutilisation d'un agent de suspension, de pref6rence un gel, dont la 
1 5 charge 61ectrique sera globaiement positive. 

En effet, les macromolecules fibrillaires assurant une liaison physique entre 
les microspheres portent des charges negatives. Dans un milieu globaiement neutre, 
la diffusion de ces molecules serait seulement passive, et done lente et limitde. 

Les charges positives pr£sentes au sein de Tagent de suspension, de 
20 preference un gel, auront au conlraire un effet attractif pour ces macromolecules, 
assurant une diffusion active plus rapide et favorisant des concentrations dlev6es dans 
I'ensemble de la masse de Tagent de suspension. 

Le rapprochement macromolecules Hbrillaires et microparticules sera ainsi 
favorisd. Une charge globale negative de Tagent de suspension aurait bien entendu 
25 un effet opposd. 

L' agent de suspension peut 6galement contenir une ou plusieurs substances 
pharmacologiqucment actives, en particulier un agent analg6sique ou anti- 
inflammatoire. 

Le contrdle d'une charge elcctrique differentielle entre Timplant et le milieu 
30 ext^rieur peut £tre exploit^ pour contrdler le taux de diffusion centrifuge ou 
centrip^te de substances vers ou en provenance de Timplant, en particulier dans le 
cas de la delivrance de substances pharmacologiquement actives. 

De plus, Tutilisation d*un agent de suspension, de preference un gel, portant 
une charge dlectrique globaiement positive prdsente Tavantage d*eviter les 
35 calcifications au niveau du site d'implantation. 
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Selon un aspect ult^rieur de T invention, un agent de suspension dont la 
porosite et/ou la charge positive globale sont telles que d^fmies ci-dessus peut etre 
utilise h lui seul pour la fabrication d'un implant h^terologue histocompatible. 

Selon I'tnvention, on peut utiliser comme agent de suspension des solutions 
S ou gels constitu^s ou contenant une solution de polym&res d*origine naturelle» tels 
que par exemple les celluloses, les celluloses modifi^es et leur d£riv6s, comme par 
exemple la carboxym6thyIcellulose» ou encore les polysaccharides cationiques 
d'origine naturelle, biotechnologique ou synthetique, comme par exemple la chitine, 
le chilosane et leurs d6riv& tels que les derives carboxym^thyl-, carboxy€thyl-, N- 
1 0 acyl-, N-carboxyalkyl-, N-carboxyacyl, 0-carboxyaIkyl, hydroxyalkyl et leurs sels. 

Dans un aspect avantageux, on utilisera une solution aqueuse desdits 
polymeres. 

Une solution aqueuse de chitosane ^ 3 % et r6ticul^e, par exemple par un 
aldehyde, convient parfaitement a Tapplication de Tinvention h un implant 
1 5 intradermique. 

Toutefois, des molecules d'origine naturelle telles que le chitosane sont 
incompatibles avec des m^thodes de sterilisation par rayonnement gamma, ce qui en 
limite Tutilisation h, des dispositifs pr^par^s aseptiquement plutdt que st6riles. 

Une forme avantageuse de I'invention consiste en Tutilisation d*un gel 
20 synth^tique, par exemple un polym^re d'acrylamide substitu6 ou non, de 
vinylpyiTolidone, d^acrylate d'hydroxyalkyle ou un copoiym^re d'acrylamide 
substitue ou non substitu6 et d'une autre molecule portant une charge electrique 
positive tel qu'un monom&re cationique ammonium quaternaire tel que, par exemple, 
des monom^res de type diallyldimethylammonium, (2-(m£thacryloylamino)-propyl) 
25 trimethylammonium, (2-(m6thacryloyloxy)ethyl)trim6thylammonium ou (2- 
acryIoyIoxy)6thyl trim€thylammonium disponibles commercialement. La preparation 
de tels polymeres ou copolym&res par des techniques usuelles de polymerisation 
sont d6crits dans )a Uttdrature. Le compost pr^f^r^ dans le cadre de la pr^sente 
invention est un gel faiblement reticulfi de poly(acrylamidc-ca- 
30 diallyldimethylammonium). 

Ce compose dont la biocompatibilite a ete montiee conform^ment aux 
specifications de la norme ISO EN 10993 pr^sente Tavantage d'une grande 
modularity, en fonction de sa concentration et de son taux de reticulation. 

II est en outre parfaitement sterilisable par rayonnement gamma ^ des doses 
35 sterilisatrices egales ou superieures ^ 25 kgy. 
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II peut facilement etre obtenu avec des tallies de maille reproductibles et 
homog6nes> selon des techniques bien cx)nnues de I'homme du metier. 

La diffusion active des maciomol^cules fibrillaires k travers la matrice de ce 
gel est done parfaitement assurde de fa^on egalement reproductible et fiable, tout en 
5 emp6chant la diffusion de cellules emigres, limitant ainsi au minimum des 
eventuelles reactions inflammatoires de type dit « h corps etranger ». 

Un autre objet de la pr6sente invention est done de foumir un implant 
biocompatible, facilement injectable, procurant une augmentation tissulaire durable, 
et dont les risques de migration ^ distance du site dMmpIantation sont limitds au 
10 minimum. 

Selon un de ses aspects, Tinvention conceme done Egalement un implant 
hdterologue histocompatible comprenant une composition telle que decrite ci-dessus. 

EUc conceme 6galiement un implant heterologue histocompatible 
comprenant un agent de suspension ayant les caractdristiques defmies plus haut. 
15 L'invention a egalement pour objet Tutilisation de ladite composition ou de 

Tagent de suspension tel que ddfmi plus haut pour la fabrication d'un implant 
heterologue histocompatible, ledit implant £tant en particulier utilisable en chirurgie 
plastique, esthetique, reconstructrice et urologique. 



20 pt6Ut6 de IMnvention, etre utilises pour fabriquer une prothese maramaire injectable. 

Les proth^ses mammaires injectables contenant ladite composition ou ledit agent de 

suspension reprdsentenl un aspect ultSrieur de T invention. 

En resume, la pr6sente invention permet le ddveloppement et I'utilisation de 

mat6riaux implantables assurant un anaage durable et atraumatique dans la matrice 
25 extracellulaire en particulier. 



Gel injectable par voic intradermique pour la correction durable de rides et 
de depressions cicatricielles, du galbe des levres, etc... 



Ladite composition ou ledit agent de suspension peuvent, selon un aspect 



L' invention est illustree par les exemples ci-apr&s : 



EXEMPLE 1 



30 



35 



. microparticules d'acdtate de polyvinyle 
(HW-55F, Sigma Aldrich Fine Chemicals x6f 8-07457) 
. acrylamide 
. bis acrylamide 

. diallyldim6thylammonium (DADMA) 
. eau ppi 



200 mg 
35 mg 
1,75 mg 
2mg 
qsp 1 ml. 
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Des corrections superficielles fines, y compris de lesions de type 
« vergelure », seront effectu^es avec une preparation de TExempIc 1 ou mieux de 
TExemple 2 ci-dessous. 

Ccs mfimes compositions sont aussi particuliirement adaptfies aux 
5 techniques de resurfagage parfois n^cessaires aprbs un traitement par lipoaspiration et 
pour lesquelles Tinjection de graisse autologue est un palliatif imparfait. 

EXEMPLE2 

Gel injectable comme h Texemple 1, mais destin6 h une correction 



1 0 reversible dans le temps 

. microparticules d'ac^tate de polyvinyle 

(HW-55F, Sigma Aldrich Fine Chemicals r6f 8-07457) 200 mg 

. chitosane stabilis6 20 mg 

. tampon PB qsp 1 ml. 
1 5 La composition du tampon PB est la suivante ; | 

- Chlorure de magn6sium (MgCl^, 4,5 H^O) 0,1763 g 

- Dihydrog^nophosphate de sodium (NaH^PO^) 0,0358 g 

- Disodium hydrogfinophospbate (NajHP04, 12HjO) 0,2758 g 

- Chlorure de sodium (NaCl) 8,7660 g 
20 - Eau ppi : qsp 1 000 ml 



La formule de I'exemple 2 permet une correction durable par apport des 
microparticules non-r6sorbables ; toutefois, le chitosane est, lui, resorbable et 
repr6sente environ 50 % du volume initial de T implant ; le volume r^siduel sera done 
environ la moiti^ du volume initial. 

25 Une variante ne contenant pas de microparticules permettra une conection 

transitoire dont la dur^e sera limitle ^ environ 1 an, et devra etre renouveMe. Elle 
sera particulierement indiqu6e dans le cas de sites dvolutifs, un amaigrissement par 
exemple pouvant rendre un implant non-r6sorbable visible et disgracieux. Elle 
constitue le complement id6al des implants definiti£s, ceux-ci ne devant pas apporter 

30 une correction totale et en aucun cas une sur-correction. 

EXEMPLE 3 

Une variante de I'exemple 1 comportant une plus forte concentration, en 
particulicr de I'agent r6ticulant, sera particulierement adaptce au traitement de 
35 rincontinence urinaire, toujours par voie injectable intratissulaire. 
, microparticules d'acetate de polyvinyle 
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(HW-55F, Sigma Aldrich Fine Chemicals x6i 8-07457) 300 mg 

. acrylamide 40 mg 

, bis acrylamide 2,5 mg 

. DADMA 3 mg 

5 . eau ppi qsp 1 ml. 



EXEMFLE4 

Kit pour correction peu invasive d'hypoplasie mammairc. 

Afin de respecter des consistances et des sensations au toucher proches de la 
10 normale, autorisant en particulier la continuation de rautocontrdle par palpation, et 
de ne pas interferer sensiblement avec les m^thodes connues d'imagerie m^dicale 
6ventuellement prescrites par la suite, les compositions et techniques suivantes sont 
pr6fcr6es : 

- pour injection au contact du plan musculaire sup6rieur : 



1 5 . microparticules d* acetate de polyvinyle 

(HW-55F, Sigma Aldrich Fine Chemicals ref 8-07457) 30 g 

. acrylamide 4 g 

. bis acrylamide 200 mg 

.DADMA 200 mg 

20 . eau ppi qsp 100 ml. 

- pour injection au plan sous-glandulaire et superficiel : 
. microparticules d'ac6tate de polyvinyle 

(HW-55F, Sigma Aldrich Fine Chemicals r6f 8-07457) 15 g 

2S . acrylamide 3 g 

. bis acrylamide 1 20 mg 

.DADMA 150 mg 
. eau ppi qsp 100 ml 



2/24/05, EAST Version: 2.0.1.4 



2785811 



REYErfPICATIQNS 

1. Composition comprenant : 

- des microparticules poreuses dont le diam^tre des pores cxclul la p6netralion 
S d'6l6ments figures ayant un poids mol^culaiie sup^rieur h 1000 kilodaltons, et 

- un agent de suspension biocompatible* 

2. Composition selon la revendication 1, caract£ris^e en ce que les 
microparticules sont constitu6es d'un polym^re biocompatible. 

3. Composition selon Tune des revendications 1 ou 2, caract£ris6e en ce que 
10 les microparticules ont une forme sph6rique ou ovoide de diametre sup£rieur ^ 

environ 10 /m, de pr6f6rence compris cntre 30 fm et 100 /nn, en parliculier entre 30 
et 60 /an. 

4. Composition selon I'une quelconque des revendications 113, 
caracterisee en ce que les microparticules ont des pores dont le diametre exclut la 

IS penetration d'elements Gg\xi6s ayant un poids moleculaire compris entre 0,5 
kilodalton et 5 000 kilodaltons, de preference entre 1 kilodalton et 1 000 kilodaltons. 

5. Composition selon I'une quelconque des revendications 1^4, 
caracterisee en ce que les microparticules sont presences dans la composition ^ raison 
d'environ 0,1% h 75% en poids, de preference d'environ 10% 1 40%. 

20 6. Composition selon Tune quelconque des revendications 1 a 5, 

caracterisee en ce que les microparticules sont constituees d'un polymere vinylique 
hydrophile riche en radicaux hydroxyles. 

7. Composition selon I'une quelconque des revendications 1^5, 
caracterisee en ce que les microparticules sont constituees d'un polymere choisi 

25 parmi les polyamides, les polyesters ; le polypropylene ; le polyethylene,; les derives 
du polyethylene; les polyacrylates ; les polyacrylamides ; les methacrylamides ; les 
polysulfones ; les polyvinyles, notamment la polyvinylpyrolidone, le 
divinylbenzine ; les polysaccharides eventuellement reticules ; les polylactides et 
polyglycolides ; les polystyrene ; les methylstyr^nes ; le dextran ou I'agarose reticule. 

30 8. Composition selon I'une quelconque des revendications 1 i 7, 

caracterisee en ce que I'agent de suspension est un liquide ou un gel constitue d'un 
polymere biocompatible. 

9. Composition selon la revendication 8, caracterisee en ce que Tagent de 
suspension est un gel partiellement ou totalement reticule dont la porosite exclut la 

35 penetration d'eieraents figures ayant un poids moleculaire superieur ^ 1000 
kilodaltons. 
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10. Composition selon la revendlcation 8 ou 9, caracl6ris6e en ce que l*agent 
de suspension a une charge ^lectrique globalement positive. 

11. Composition selon Tune des revendications 8 i 10, caract^risfie en ce que 
I 'agent de suspension est un liquide ou un gel constitu6 ou contenant une solution de 

5 polymferes d'origine nalurelle choisi panni les celluloses, les celluloses modifi^es et 
leur deriv6s, les polysaccharides cationiques d'origine naturelle, biotcchnologique ou 
synth^tique, tels que la chitine, le chitosane , leurs derives et leurs sels. 

12. Composition selon Tune quelconque des revendications 8 i 10, 
caract6ris£e en ce que Tagent de suspension est un liquide ou un gel choisi parmi les 

10 polymdres d'acrylamide substitu6 ou non, de vinylpyrrolidonc, d'acrylate 
d'hydroxyalkyle ou les copolym&res d'acrylamide substitu^ ou non substitue et d'une 
autre molecule portant une charge ^lectrique positive telle qu'un monom&re 
cationique ammonium quatemaire. 

13. Composition selon la revendication 12, caract€ris6e en ce que Tagent de 
1 5 suspension est un gel de poly(acrylamidc-co-diallyldim6thylammonium) faiblement 

r6ticul6. 

14. Composition scion Tunc quelconque des revendications 1 h 14, 
caract^ris^e en ce que Tagent de suspension contient une ou plusieurs substances 
pharmacologiquemcnt actives, 

20 IS. Utilisation d*une composition selon Tune quelconque des revendications 

1 ^ 14 ou d'un agent de suspension selon Tune quelconque des revendications 9 a 14 
pour la fabrication d'un implant h^t^rologue histocompatible. 

16. Utilisation selon la revendication 15 pour la fabrication d'un implant 
h^t^rologue solide histocompatible utilisable en chirurgie plastique, esthdtique, 

25 reconstructrice ou urologique. 

17. Utilisation selon la revendication 16 pour la fabrication d'une proth^e 
mammaire injectable, 

18. Implant h6t6rologue histocompatible comprenant une composition selon 
Tune quelconque des revendications 1 i 14. 

30 19, Implant h£t6rologue histocompatible comprenant un agent de suspension 

constitu€ d'un polym^re biocompatible selon Tune quelconque des revendications 9 
il4, 

20. Prothfese mammaire injectable comprenant une composition scion Tune 
quelconque des revendications 1 ^ 14 ou un agent de suspension constitue d'un 
35 polymSre biocompatible selon Tune quelconque des revendications 9 a 14. 
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COMPOSITION COMPRISING POROUS MICROP ARTICLES AND A SUSPENSION 

AGENT, AND ITS USE AS IMPLANT 

[Composition comprenant des microparticules poreuses et un agent de suspension et 

son utilisation en tant qu'implant] 



Inventor: Jean Louis Bisson 

Applicant: PROCYTECH Company with 

limited liability 



The present invention concerns compositions comprising porous microparticles and/or a /l' 
suspension agent, where both are biocompatible on the cellular, tissue, or general level, and 
usable for implantation in a tissue, in particular to increase the volume of this tissue ("soft tissue 
augmentation"), notably in view of correcting in a lasting manner a deficit in the appearance or 
the function of this tissue or organ. 

The invention relates particularly to plastic and aesthetic surgery, reconstructive surgery, 
neurological surgery, etc. 



' [The numbers in the right margin indicate the pagination in the original foreign text.] 
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The use of implants for the correction or the attenuation of lesions of organic or traumatic 
origin has rapidly and continuously accelerated since the beginning of the 1980s. The standard 
materials remain collagen and silicone derivatives. Other natural polymers, such as, for example, 
hyaluronic acid, or synthetics, are becoming increasingly important. 

The use of derivatives of animal origin is encountering increasing resistance, first for 
psychological reasons, and also because the persistence of their effect is temporally limited. 

In addition, it is known that compounds of animal origin, such as bovine collagen, cause 
allergic reactions in approximately 3% of the cases. The frequency and the severity of these 
reactions are worsened by the need to administer repeated injections, which are necessary to 
maintain a satisfactory result. The silicone and silicone oil derivatives, although prohibited in 
some cases, remain among the most used compounds to obtain a lasting effect. However, their 
use is often associated with local problems (siliconomas) or problems associated with migration, 
sometimes over considerable distances from the implantation site. 

Another known substitution technique consists in injecting microspheres made of various 
materials (plastic, glass, ceramics, . ..) into the tissues. In general, these particles have a size 
which is greater than the limit (phagocytosis) of absorption by the monocytes which will form a 
fibrous film on their surface to insulate the particles from the surrounding tissues. Such particles 
are described, for example, in US Patent 5,344,452. 

The result of these injections is generally lasting, but it is known that the particles can 
migrate over some distance from their implantation site, resulting in the complication of a risk 
due to obstruction of the microvascular structures, which can resuh in ischemia or embolism. 

It has now been found that by using microparticles presenting a controlled porosity 
and/or a suspension agent, for example, in the form of a gel, one can obtain the penetration of II 
protein and/or glycan fibrils of the implanted tissues, allowing a micro-fibrillar matrix anchoring 
which significantly limits the risks of migration at a distance from the implantation site. 

The object of the invention, therefore, is a composition comprising: 

- porous microparticles whose pore diameter excludes the penetration of figured elements 
having a molecular weight of more than 1000 kilodalton, and 

- a biocompatible suspension agent. 

The solid component of the composition according to the invention consists of 
biocompatible porous microparticles. 

The microparticles which are used in the composition according to the invention 
preferably have a spherical or ovoid form, and a diameter of more than approximately 10 nm, in 
particular a diameter of 30-100 nm, preferably 30-60 nm. 

When the microparticles are not spherical, the term "diameter" is understood to refer to 
the largest diameter of the surface area havmg the smallest transverse cross section. 
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Particles having a size of less than 10 ^ra would be easily entrained, actively or 
passively, at a distance from their implantation site. 

Conversely, the use of particles having a size greater than approximately 1000 ^m would 
risk giving the tissues a visually perceivable roughness or a roughness which can be felt by 
touching in the case of a superficial implantation. In addition, it would be more difficult to inject 
the product through a needle with small diameter, for example, 30G, as required for an 
atraumatic procedure. 

An advantageous characteristic of the microparticles which can be used according to the 
invention is that they present an imperfectly rigid structure, allowing a slight deformation in case 
of compression. The expression "imperfectly rigid structure'* denotes a structure such that when 
exposed to the action of an axial compression having a maximum value which is compatible with 
the resistance of the surrounding living tissue (less than or equal to approximately 3 kg/cm^), the 
particles will not break and their rate of deformation along this axis will be 0-40%. This 
deformation will limit the tendency of the particles to move, a phenomenon which is known in 
the case of rigid particles by the name of "melon pip effect." 

The microparticles which can be used according to the invention, and which can make up 
most of the composition, present a porous structure. The diameter of the pores is determined so 
as to exclude the penetration of the particles by figured elements having a size of more than 1000 
kilodalton. A porosity is sought which is such that it promotes the penetration of macromolecules 
having a naturally present structure into the tissues surrounding the implant. These /3 
macromolecules, in particular elastin, collagen or glycosaminoglycans (GAGs), which are of a 
microfibrillar nature, form an intricate network which connects the microparticles which they 
penetrate. 

In particular, the microparticles have pores whose diameter excludes the penetration of 
figured elements having a molecular weight of 0.5-5000 kilodalton, preferably 1-1000 
kilodalton. 

The anchoring system so obtained forms a flexible and elastic structure whose coherence 
is accentuated over time as an increasing number of microfibrillar links ensures its crosslinking. 
The soUdity and the consistency of the structure so obtained resemble those of the extracellular 
matrix, thus ensuring optimal comfort and appearance. 

This flexible and deformable consistency of the elements, as of the entire assembly, 
ensures a minimum risk of trauma which generates lesions and infection of the tissues. 

It is preferred for the microparticles to be present in the composition in the amount of 
approximately 0.1-75 wt%, preferably 10-40 wt%, where the percentages are expressed with 
reference to the total weight of the composition. 
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The material which constitutes the microparticles will be cyto- and histocompatible, and 
more generally, biocompatible by the definition of the standard ISO EN 10993. It is preferably a 
polymer whose starting monomers do not present any character of toxicity which is incompatible 
with the considered use. 

For example, one can use a polymer chosen from the polyamides, the polyesters; 
polypropylene; polyethylene, preferably "high density;" the derivatives of polyethylene such as 
polytetrafluoroethylene, polyethylene terephthalate; the polyacrylates; the polyacrylamides; the 
methacrylamides; the polysulfones; the polyvinyls, notably polyvinylpyrolidone (PVP), 
divinylbenzene; the optionally crosslinked polysaccharides; the polylactides and polyglycolides; 
the polystyrenes; the methylstyrenes; dextran or crosslinked agarose. 

According to the invention, it is preferred to use a hydrophilic vinyl polymer which is 
rich in hydroxyl radicals (OH), whose atomic composition exclusively consists of carbon, 
oxygen and hydrogen, and whose polymerization is complete. Such a polymer is routinely used 
in the manufacture of implants and as a constituent of implantable medical devices. 

It is also routinely used in contact with chemical or bioengineered substances which /4 
have a therapeutic use. 

Another advantage of this polymer is the commercial availability of microparticles which 
present the technical characteristics and the guarantees of safety which are compatible with the 
intended use of the object of the invention. 

The microparticles are prepared by the usual procedures described in the literature, 
notably by block or emulsion polymerization. 

In the case of block polymerization, the aqueous solution containing the different 
monomers and the initiator is subjected to a polymerization in a homogenous phase. 

The block of aqueous gel obtained is then fractioned into grains, for example, by being 
passed through the meshes of a sieve. 

The emulsion polymerization can directly yield the aqueous gel in the form of 
microparticles having a predetermined size. It can be carriied out, for example, by pouring the 
aqueous solution containing the various monomers into an organic, water-immiscible, liquid 
phase, which one continues to stir, and which may optionally contain an emulsifier, followed by 
the introduction of a polymerization initiator. 

Such methods, which are well known to the person skilled in the art, are notably 
described in application EP 040 124. 

Another conventional technique in the field is drying with countercurrent flow of hot and 
dry air ("spray drying") of a polymer mist. 
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Important factors in the proper function of the invention are the nature and the 
characteristics of the suspension agent in which the microparticles can be suspended or which 
can constitute most, if not ail. of the composition. This suspension agent can be a liquid or a gel. 

This agent will have to make it possible to maintain the particles in suspension under 
normal conditions of storage and use of the entire assembly. At a temperature and a pH which 
approximate physiological conditions, that is a pH of approximately 6-8 and a temperature of 
•^25^C to +40°C, and under conditions of isotonicity, said agent will preferably have a density of 
approximately 0.85-1.35 and an apparent viscosity characterized by \xo being less than or equal 
to 300 Pa-s and greater than or equal to 10 Pa-s (measured according to the rheological model 
of Herschel-Buckley). 

The consistency of the suspension agent will be adapted to the implantation procedure 
used, for example, to allow intradermal or subcutaneous injection. 

The consistency of the gel should be as close as possible to that of the living tissue into /5 
which it is to be implanted. This consistency will vary, for example, between that of a 
conjunctive tissue, as a less firm tissue, and that of cartilage, as a firmer tissue. A shaping, prior 
to a more invasive surgical implantation, can be achieved by molding alone, or it can be 
completed (cutting, polishing, filing, sawing, . ..), using the usual surgical instrument. 

In principle, any type of biocompatible liquid or gel, with varying degrees of capacity for 
absorption, which is compatible with the nature of the microparticles, can be appropriate. In the 
case of a gel, the latter can optionally be partially or completely crosslinked. 

In this case, the porosity of said suspension agent, evaluated by the mean spacing 
between the crosslinking nodes will be such that it excludes the penetration of figured elements 
having a molecular weight of more than 1000 kilodalton. 

A particularly advantageous characteristic of the present invention consists of the use of a 
suspension agent, preferably a gel, whose overall electrical charge is positive. 

Indeed, the fibrillar macromolecules ensure a physical bond between the microspheres 
which carry negative charges. In an overall neutral medium, the diffusion of these molecules 
would be only passive, and thus slow and limited. 

On the other hand, the positive charges which are present in the suspension agent, 
preferably a gel, will have an attractive effect on these macromolecules, ensuring a more rapid 
active diffusion and promoting high concentrations in the overall composition of the suspension 
agent. 

The fibrillar macromolecules and microparticles will thus be promoted to move toward 
each other. An overall negative charge of the suspension agent would naturally have the opposite 
effect. 
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This suspension agent can also contain one or more pharmacologically active substances, 
in particular an analgesic or an anti-inflammatory. 

The control of a differential electrical charge between the implant and the external 
environment can be exploited to determine the rate of centrifugal or centripetal diffusion of 
substances toward or from the implant, in particular in the case of the delivery of 
pharmacologically active substances. 

In addition, the use of a suspension agent, preferably a gel, which carries an overall 
positive electrical charge, presents the advantage of avoiding calcifications at the implant site. 

According to another aspect of the invention, a suspension agent whose porosity 16 
and/or overall positive charge are as defmed above can be used alone for the manufacture of a 
histocompatible heterologous implant. 

According to the invention, one can use, as a suspension agent, solutions or gels 
consisting of or contaming a solution of polymers of natural origin, such as, for example, the 
celluloses, the modified celluloses and their derivatives, such as, for example, 
carboxymethylcellulose, or the cationic polysaccharides of natural, bioengineered or synthetic 
origin, such as, for example, chitin, chitosan, and their derivatives, such as the carboxymethyl, 
carboxyethyl, N-acyl, N-carboxyalkyl, N-carboxyacyl, 0-carboxyalkyl, hydroxyalkyl derivatives 
and their salts. 

According to an advantageous aspect, one uses an aqueous solution of said polymers. 

A 3% chitosan aqueous solution, crosslinked, for example, by an aldehyde, is perfectly 
well suited for the application of the invention in an intradermal implant. 

However, molecules of natural origin, such as chitosan, are incompatible with 
sterilization methods by gamma radiation, which limits their use to devices which are prepared 
under aseptic, rather than sterile, conditions. 

An advantageous form of the invention consists of the use of a synthetic gel, for example, 
a polymer of substituted or unsubstituted acrylamide, of vinylpyrrolidone, of hydroxyalkyl 
acrylate or a copolymer of substituted or unsubstituted acrylamide and another molecule carrying 
a positive electric charge, such as a quaternary ammonium cationic monomer, for example, 
monomers of the types diallyldimethylanmaonium, 
(2-methylacryloylamino)propyl)trimethylammonium, 

(2-(methacryloyloxy)ethyl)trimethylammonium or (2-acryloyloxy)ethyl trimethylammonium, 
which are commercially available. The preparation of such polymers or copolymers by the 
conventional polymerization techniques are [sic; is] described in the literature. The preferred 
compound in the context of the present invention is a weakly crosslinked gel of poly(acrylamide 
codiallyldimethylammonium). 



This compound, whose biocompatibility has been shown to be in conformity with the 
specifications of the standard ISO EN 10993, presents the advantage of a high degree of 
modularity, as a function of its concentration and its crosslinking rate. 

In addition, it can be perfectly sterilized by gamma radiation at sterilization doses equal 
to or greater than 25 kgy. 

It can also be obtained with reproducible and homogeneous mesh sizes, using techniques 
which are well known to the person skilled in the art. 

The active diffusion of fibrillar macromolecules through the matrix of this gel is thus 
perfectly ensured, in a reproducible and reliable manner, while preventing the diffusion of whole 
cells, thus limiting so-called "foreign body" inflammatory reactions to a minimum. 

Another object of the present invention is thus to provide a biocompatible implant which 
can easily be injected, procures a lasting tissue augmentation and is associated with minimal 
risks of migration at a distance fi-ora the implantation site. 

According to one of its aspects, the invention thus also concerns a histocompatible 
heterologous implant comprising a composition as described above. 

It also concerns a histocompatible heterologous implant comprising a suspension agent 
having the above-defined characteristics. 

The invention also relates to the use of said composition or suspension agent as defined 
above for the manufacture of a histocompatible heterologous implant, said implant being usable, 
in particular, in plastic, aesthetic, reconstructive and urologic surgery. 

Said composition or said suspension agent can, according to a preferred aspect of the 
invention, be used to manufacture an injectable manmiary prosthesis. 

The injectable mammary prostheses containing said composition or said suspension agent 
represent a later aspect of the invention. 

In summary, the present invention allows the development and the use of implantable 
materials ensuring, in particular, a lasting and atraumatic anchoring in the extracellular matrix. 

The invention is illustrated by the following examples: 



Gel which can be injected by the intradermal route for the lasting correction of wrinkles 
and scar-associated depressions, shape of the lips, etc. 

• microparticles of polyvinyl acetate (HW-55F, Sigma Aldrich Fine 



Example 1 



Chemicals Reference 8-07457) 

• acrylamide 

• bisacrylamide 

• diallyldimethylaramonium (DADMA) 



200 mg 
35 mg 
1.75 mg 
2mg 
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• water ppi qsp 1 mL. 

Fine superficial corrections, including lesions of the "stretch mark" type, are made /8 
using a preparation of Example 1 or, better, of Example 2 below. 

The same compositions are also particularly well suited for the resurfacing techniques 
which are sometimes required after liposuction treatment and for which the injection of 
autologous fat is an imperfect palliative. 

Example 2 

Gel which can be injected, as in Example I, but which is intended for a correction which 
can be reversed over time. 

• raicroparticles of polyvinyl acetate (HW-55F, Sigma Aldrich Fine 



Chemicals Reference 8-07457) 200 mg 

' stabilized chitosan 20 mg 

• PB buffer qsp 1 mL. 
The composition of the PB buffer is as follows: 

- Magnesium chloride (MgCU, 4.5 H2O 0. 1763 g 

- Sodium dihydrogenophosphate (NaH2P04) 0.0358 g 

- Disodium hydrogenophosphate (Na2HP04, I2H2O) 0.2758 g 

- Sodium chloride (NaCl) 8.7660 g 

- Water ppi: qsp 1 000 mL 



The formula of Example 2 allows a lasting correction by providing nonadsorbable 
microparticles; however, chitosan is absorbable and it represents approximately 50% of the 
initial volume of the implant; the residual volume will thus be approximately half of the initial 
volume. 

A variant which does not contain any microparticles will allow a transient correction, 
whose duration will be limited to approximately 1 year, and which will be have to be repeated. It 
is particularly indicated for the case of actively evolving sites, where, for example, weight loss 
can make an unabsorbable implant visible and unsightly. It constitutes the ideal complement for 
permanent implants, which should not provide a total correction and most of all should not 
overcorrect. 

Example 3 

A variant of Example 1 comprising a stronger concentration, particularly of the 
crosslinking agent, will be especially adapted to the treatment of urinary incontinence, by the 
route of intratissue injection. 

• microparticles of polyvinyl acetate 
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(HW-55F, Sigma Aldrich Fine Chemicals Reference 8-07457) 300 mg /9 

• acrylamide 40 mg 

• bisacrylamide 2.5 g 

• DADMA 3 mg 

• water ppi qsp 1 mL. 



Example 4 

Kit for low invasive correction of manunary hypoplasia. 

To maintain consistency and sensation to the touch—which should be close to normal, in 
particular they should allow a person to continue self-examination by palpation and they should 
not substantially interfere with known medical imaging procedures which may be prescribed 



later-the following compositions and techniques are preferred: 

- for injection in contact with the upper muscle level: 

• microparticles of polyvinyl acetate 

(HW-55F, Sigma Aldrich Fine Chemicals reference 8-07457) 30 g 

• acrylamide 4 g 

• bisacrylamide 200 mg 

• DADMA 200 mg 

• water ppi qsp 100 mL. 

- for injection at the subglandular and superficial level: 

• microparticles of polyvinyl acetate 

(HW-55F, Sigma Aldrich Fine Chemicals reference 8-07457) 15 g 

• acrylamide 3 g 

• bisacrylamide 120 mg 
•DADMA 150 mg 

• water ppi qsp 100 mL. 

Claims /lO 
1. Composition comprising: 



- porous microparticles whose pore diameter excludes the penetration of figured elements 
having a molecular weight of more than 1000 kilodaiton, and 

- a biocompatible suspension agent. 

2. Composition according to Claim 1, characterized in that the microparticles consist of a 
biocompatible polymer. 
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3. Composition according to one of Claims 1 or 2, characterized m that the particles have 
a spherical or ovoid shape with a diameter greater than approximately 10 nm, preferably 30-100 
^m, in particular 30-60 jim. 

4. Composition according to any one of Claims 1-3, characterized in that the 
microparticles have pores whose diameter excludes the penetration of figured elements having a 
molecular weight of 0,5-5000 kilodalton, preferably I-IOOO kilodalton. 

5. Composition according to any one of Claims 1-4, characterized in that the 
microparticles are present in the composition in the amount of approximately 0. 1-75 wt%, 
preferably approximately 10-40 wt%. 

6. Composition according to any one of Claims 1-5, characterized in that the 
microparticles consist of a hydrophilic vinyl polymer rich in hydroxyl radicals. 

7. Composition according to any one of Claims 1-5, characterized in that the 
microparticles consist of a polymer chosen from the polyamides, the polyesters; polypropylene; 
polyethylene; the derivatives of polyethylene; the polyacrylates; the polyacrylamides; the 
methacrylamides; the polysulfones; the polyvinyls, notably polyvinylpyrolidone, divinylbenzene; 
the optionally crossUnked polysaccharides; the polylactides and polyglycolides; the polystyrene 
[sic; polystyrenes]; the methylstyrenes; dextran or crossUnked agarose. 

8. Composition according to any one of Claims 1-7, characterized in that the suspension 
agent is a liquid agent or a gel consisting of a biocompatible polymer. 

9. Composition according to Claim 8, characterized in that the suspension agent is a 
partially or completely crossUnked gel whose porosity excludes the penetration of figured 
elements having a molecular weight of more than 1000 kilodalton. 

10. Composition according to Claim 8 or 9, characterized in that the suspension agent has /1 1 
an overaU positive electrical charge. 

1 1 . Composition according to one of Claims 8-10, characterized in that the suspension 
agent is a liquid or a gel consisting of or containing a solution of polymers of natural origin, 
chosen from the celluloses, the modified ceUuloses and their derivatives, the cationic 
polysaccharides of natural, bioengineered or synthetic origin, such as chitin, chitosan, their 
derivatives and their salts. 

12. Composition according to any one of Claims 8-10, characterized in that the 
suspension agent is a Uquid or a gel chosen from the polymers of substituted or unsubstituted 
acrylamide, of vinylpyrrolidone, of hydroxyaUcyl acrylate, or the copolymers of substituted or 
unsubstituted acrylamide and of another molecule bearing a positive electric charge, such as a 
quaternary ammonium cationic monomer. 

13. Composition according to Claim 12, characterized in that the suspension agent is a 
weakly crossUnked gel of poly(acrylamide-co-diallyldimethylammonium). 
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14. Composition according to any one of Claims 1-14, characterized in that the 
suspension agent contains one or more pharmacologically active substances. 

15. Use of a composition according to any one of Claims 1-14 or of a suspension 
according to any one of Claims 9-14 for the manufacture of a histocompatible heterologous 
implant. 

16. Use according to Claim 15 for the manufacture of a histocompatible solid 
heterologous implant which can be used in plastic, aesthetic, reconstructive or urologic surgery. 

17. Use according to Claim 16 for the manufacture of an injectable mammary prosthesis. 

18. Histocompatible heterologous implant comprising a composition according to any 
one of Claims 1-14. 

19. Histocompatible heterologous implant comprising a suspension agent consisting of a 
biocompatible polymer according to any one of Claims 9-14. 

20. Injectable mammary prosthesis comprising a composition according to any one of 
Claims 1-14 or a suspension agent consisting of a biocompatible polymer according to any one 
of Claims 9-14. 
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